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THE  DEVELOPMENT  OP  THE  ASCOCARP 
OP  LACHNEA  SCUTELLATA 

The  material  upon  which  the  present  study  is  based  was  col- 
lected at  Cold  Spring  Harbor,  Long  Island,  v;here  the  ascocarps 
of  Lachnea  were  found  in  large  numbers  upon  decaying  wood  in 
daxnp  places.   The  ascocarps  appear  to  be  frequently  produced  in 
crops^as  a  considerable  nu^Taber  of  about  the  same  age  are  often 
found  on  a  single  log.   If  all  of  these  are  removed  while  still 
young  a  second  crop  will  usually  appear  in  a  fev/  days.   If  now 
the  young  ascocarps  are  removed  as  they  appear  successive  crops 
may  continue  to  be  produced  for  some  time.  By  this  means  a 
large  number  of  young  stages  can  be  quite  easily  obtained. 

Por  microscopical  study  sections  were  cut  3-5  m  thick  and 
stained  with  Fleming's  triple  or  Haidenhain's  iron-alum  hema- 
toxylin.  The  latter  gave  the  best  results. 

Lachnea  scutellata  has  a  disk-shaped  ascocarp)  2mm, to  1cm.. 
in  diameter,  the  upper  svirface  of  which  is  covered  by  the  hymen' 
ium  which  is  colored  red.   The  margin  and  lov/er  surface  of  the 
disk  are  brown  and  thickly  beset  with  long  brown  setae.   The 
setae  are  long  septate  hyphae  the  outer  walls  of  which  are 
greatly  thickened.   A  cross-section  of  an  ascocarp  (plate  1) 
sliov/s  that  the  inside  is  composed  of  densely  interlacing  hj'-phae 
while  the  margin  and  lov/er  surface  are  covered  by  a  parenchyma- 
tous cortical  layer  consisting  of  large,  thick  \/alled  hypliae 
Vifhich  run  nearly  parallel  to  each  other  and  perpendicular  to 


the  outer  surface  of  the  ascocarp, 

V/oronin  ('66)  descrilDed.  the  ascocarp  of  Lachnea  scntel- 
lata  as  originating  in  the  production  of  an  archicarp  which 
soon  hecame  siorrounded  "oy    vegetative  hyphae  which  obscujred  its 
further  development. 

In  the  youngest  specimens  obtained  by  the  writer  the  ar- 
chicarp consisted  of  a  row  of  from  seven  to  nine  cells  which 
had  just  "become  surroxmded  by  vegetative  hyphae  arising  largely 
from  neighboring  hypliae .   The  ascogonium  is  the  penultimate 
cell  of  the  archicarp  v/hich  v«hen  inat\ire  consists  of  about  nine 
cells.   The  ascogonium  and  all  of  the  vegetative  cells  are  mul- 
tinucleate,  (plate  2,  fig.  1).   In'  the  youngest  specimens  the 
ascogoniiim  was  about  l/3  to  1/4  its  size  at  maturity.   There 
v/as  observed  neither  at  triis  time  nor  later  any  sign  of  an  an- 
theridium  and  since  in  the  young  specimens  the  ascocarp  consist- 
ed of  only  a  few  hyphae,  so  that  it  should  have  ueen   plainly 
visible  even  if  degenerated,  it  seems  probable  that  no  antherid- 
ium  is  present. 

Before  the  ascogonium  reaches  its  mature  size  the  walls  of 
t?ie  vegetative  hyphae  on  the  outside  of  the  young  ascocarp  be- 
come thickened  and  these  hyphae  form  the  outer  covering  of  the 
ascocarp.   This  covering  undergoes  no  further  growth  but  re- 
mains at  the  base  of  the  mati.u'e  ascocarp  and  forms  the  first 
part  of  the  cortex.    The  hyphae  around  the  ascogonium  remain 
active  and  give  rise  over  tlie  ascogoniiim,  to  small  hyphae  which 
grow  out  to  form  paraphyses.   The  same  hyphae  which  give  rise 
to  the  hyphae  which  produce  the  paraphyses  give  off  branches, 


around  the  region  of  tiie  paraphyses,  some  of  which  grow  up  and 
add  to  the  cortex  while  others  grow  out  and  form  setae.   As 
the  cells  of  the  setae  and  cortex  reach  their  mature  size  they 
"become  greatly  vacuolated  and  the  outer  walls  increase  greatly 
in  thickness.  When  the  setae  are  first  formed  they  are  hent 
down  towards  the  centre  of  the  top  of  the  young  ascocarp,  and 
thus  form  a  covering  over  the  developing  hymenium.   When  a  part 
of  the  cortex  is  once  formed  its  growth  stops  and  further  growth 
takes  place  only  in  the  region  "between  the  paraphyses  and  the 
cortex.   The  hyphae  here  remain  active  and  give  rise  on  one 
side  to  paraphyses  and  on  the  other  to  setae  and  more  of  the 
cortex  of  the  ascocarp.  As  this  continues  the  older  setae  are 
carried  outward  and  finally  come  to  "be  on  the  lower  surface  of 
the  ascocarp.   The  setae  which  are  formed  first  are  not  as  long 
as  those  which  are  formed  later  so  that  the  setae  around  the 
margin  of  the  disk  are  longer  than  those  on  the  under  sujrface. 
As  the  hymenium  increases  in  diameter,  by  t?ie  production  of 
more  paraphyses  and  the  pushing  in  of  the  ascogenous  hyphae. 
which  by  this  time  have  grown  out  from  the  ascogonium,  it  he- 
comes  too  large  to  be  covered  by  the  setae  and  is  thus  exposed. 
V/hen  this  has  occurred  the  ascocarp  has  attained  its  mature 
form. 

The  vegetative  nuclei  usually  contain  a  nucleolus  and  a 
small  amount  of  scattered  chromatin,  but  sometimes  the  chroma- 
tin is  collected  into  a  rounded  mass  resembling  a  nucleolus. 
In  dividing  the  vegetative  nuclei  show  five  chromosomes.   The 
nuclei  in  the  ascogonium  resemble  the  vegetative  nuclei  except 


that  they  are  somewhat  larger.   The  chromatin  is  usually''  scat- 
tered throughout  the  nucleus,  hut  sometimes  it  is  arranged  in 
a  definite  spireme  (plate  3,  fig.  1).    This  condition  prohahly 
indicates  the  approach  of  division.   It  has  not  been  possible 
to  determine  definitely  whether  or  not  the  spireme  is  contin- 
uous.  Often  several  loops  are  tangled  together  so  that  it  is 
impossible  to  fellow  to  individual  parts.   Still  more  frequent- 
ly parts  of  the  spireme  run  along  the  nuclear  membrane  for  con- 
siderable distances,  so  that  even  if  it  were  continuous  it 
could  be  followed  only  with  considerable  difficulty.   At  other 
times  there  appear  to  be  definite  breaks.   This  appearance  may 
be  due  to  a  failure  of  the  spireme  to  take  the  stain  or  to  poor 
fixation,  but  there  is  nothing  to  indicate  that  such  is  the 
case.   The  spireme,  soon  after  its  formation,  appears  to  con- 
tract and  divide  to  form  five  chromosomes  (plate  3,  fig.  2). 
The  chromosomes  loay  be  rather  widely  separated  (plate  3,  fig. 
3),  but  frequently  they  are  collected  together  into  a  compact 
group  resemhling  a  second  nucleolus  (plate  3,  figs.  4,5).   The 
group  can,  hov/ever,  be  distinguished  from  a  nucleolus  by  its 
irregular  outlines.   This  grouping  of  the  chromosomes  is  not 
confined  to  the  ascogonium,  but  can  be  seen  throughout  the  as- 
cogenous  hyphae  and  in  the  prophases  of  the  second  and  third  di- 
vision of  the  ascus.   It  is  probably  also  the  explanation  of 
the  grouping  of  the  chromatin  seen  in  the  vegetative  nuclei. 
While  the  c^riroiao somes  are  being  formed  linin  fibres  make  their 
appearance  in  the  nucleus.   At  the  same  time  a  centrosome  ap- 
pears on  tlie  nuclear  membrane.   This  was  not  visible  during  the 


resting  condition  and  apjiears  to  arise  de  novo .   The  centrosome 
is  not  a  point,  but  rather  a  flattened  area  apparently  composed 
of  manv  granules.   In  this  resrject  it  resembles  the  kinoplasmic 
caps  described  by  Lewis  ('09)  in  Griffithsia  bornebiana..  When 
the  centrosome  was  first  observed  it  v/as  already  connected  with 
the  chromosomes  by  the  linin  fibres  in  tlie  nuclear  cavity 
(plate  3,  fig.  6).   Soon  ai ter  this  the  centrosome  divides  and 
the  daugliter  centrosomes  move  apart  and  come  to  be  situated  at 
the  opposite  poles  of  the  complete  spindle  (plate  3,  fig.  8), 
The  five  chromosomes  then  divide  and  five  daughter  chromosomes 
proceed  to  each  of  the  opposite  poles  (plate  3,  fig.  9),   The 
nuclear  membrane  now  breaks  down  and  the  tv/o  groups  of  chro- 
mosomes and  the  nucleolus,  which  soon  disappears,  are  left  free 
in  the  cytoplasm  (plate  3,  fig.  10).   The  two  groups  of  chro- 
mosomes are  usually  separated  far  enough  apart  so  that  when 
they  reorganize,  the  daughter  nuclei  are  separated  b^^  an  ajjpre- 
ciable  distance  (plate  3,  fig.  11).   Frequently,  however,  the 
daughter  nuclei  reorganize  so  close  together^  that  after  a 
slight  grov/th^they  are  pressed  against  each  other  and  resemble 
fusing  nuclei  (plate  3,  fig.  12).   The  spindle  fibres  are  fre- 
quently present  'at  this  stage  and  can  be  seen  connecting  the 
two  masses  of  cliromatin,  which  are  still  present  in  the  daugh- 
ter nuclei.   Frequently  the  masses  of  chromatin  lie  against  the 
nuclear  membrane  and  the  disappearing  fibres  are  entirely  out- 
side the  nucleus,  but  at  other  times  the  fibres  appear  to  cross 
the  nuclear  cavity  as  in  fig.  1,  plate  3.   Frequently  the  chro- 
matin appears,  at  first  sight,  to  be  in  the  centre  of  the  nu- 


cleus,  .vhen  in  reality,  it  is  lying  against  the  membrane.   This 
is  due,  of  course,  to  the  fact  that  the  chromatin  is  at  the  up- 
per or  lov/er  surface  of  the  nucleus  as  it  is  viewed  from  ahove. 
This  appears  to  be  the  case  in  fig.  11,  plate  3.   Division  seems 
to  take  place  rapidly  throughout  the  growth  of  the  ascogonium 
and  the  development  of  tiie  ascogenous  h^^phae .   The  nuclei  do 
not  divide  simultaneously  as  all  stages,  including  resting  nu- 
clei, can  be  found  in  a  single  ascogonium.   There  appear,  how- 
ever, to  be  periods  in  which  division  takes  place  follov/ed  by 
others  in  which  all  of  the  nuclei  are  in  the  resting  condition 
for  a  large  niwiber  of  divisions  are  frequently  found  in  a  sin- 
gle ascogonium,  v»rhile  others  show  only  resting  nuclei.   The 
same  type  of  division,  that  has  just  been  described  and  the 
same  number  of  chromosomes  persist  throughout  the  ascogonium 
and  ascogenous  hyphae .   The  nuclei  decrease  somewhat  in  size 
during  the  growth  of  the  ascogonium  and  in  the  early  stages  of 
the  development  of  the  ascogenous  hyphae,  but  as  the  ascogenous 
h^rphae  develop  furtlier  the  nuclei  increase  in  size  until  they 
come  to  be  slightly  larger  than  in  the  young  ascogoniijm, 

ITo  fusion  of  nuclei  has  been  observed  in  the  ascogoniiua  or 
in  the  ascogenous  hyphae  except  in  the  tips  where  two  nuclei 
fuse  to  form  the  primary  nucleus  of  the  ascus.   A  nujnber  of 
cases  were  seen  in  which  two  nuclei  were  pressed  against  each 
other,  but  in  all  of  these  the  nuclear  membrane  was  intact  be- 
tween the  nuclei  and  the  appearance  seemed  to  be  due  to  the 
fact  that  the  nuclei  after  division  had  reorganized  close  to- 
gether, in  the  manner  previously  described.   It  may  be  said 


that  a  fusion  of  the  nuclei  would  be  hard  to  find,  but  they  have 
been  looked  for  verj'-  carefully  in  a  large  nvjiiber    of  v/ell  fixed 
and  stained  preparations.   The  slight  decrease  in  the  size  of 
the  nuclei  dialing  the  development  of  the  ascocarp  and   the  per- 
sistance  of  the  same  n\xm'ber  of  chromosomes  throughout  the  asco- 
gonium  and  ascogenous  hyphae ,  moreover,  indicates  very  strongly 
that  a  fusion  of  nuclei  during  this  stage  is  not  to  be  expect- 
ed. 

HThen  the  ascogonium  has  reached  its  mature  size  it  gives 
off  a  number  of  large  ascogenous  hyphae  v/hich  are  multinucle-- 
ate  from  the  first.   The  nuclei  do  not  appear  to  be  arranged  in 
pairs  or  in  any  other  definite  manner,  but  to  be  scattered  ir- 
regularly in  the  hyphae.   They  are  undergoing  division  rather 
rapidly,  as  has  been  previously  described.  About  this  time  the 
cytoplasm  and  nuclei  of  the  other  cells  of  the  archicarp  begin 
to  degenerate.   These  cells  apparently  do  not  fuse  together  as 
in  Ascophanus  carneus  (Cutting,  '09).    The  ascogenous  hyphae 
grow  up  among  the  vegetative  hyphae  v/hich  are  situated  over  the 
ascogonium  and  have  been  mentioned  as  giving  rise  to  paraphyses. 
As  the  ascogenous  hyphae  increase  in  length  they  branch  freely 
and  become  divided  up  into  a  number  of  large  multinucleate 
cells.   Some  nuclei  are  left  in  the  ascogoniiun  and  these  final- 
ly degenerate.   Wlien  the  ascogenous  hyphae  are  growing  out  from 
the  ascogonium  the  vegetative  cells,  over  the  ascogonium,  are 
slender,  densely  protoplasmic  and  extend  upward  towards  the  cov- 
ering of  the  ascocarp.   They  thus  have  the  appearance  of  young 
paraphyses,  but  do  not  take  part  in  the  formation  of  the  hy- 
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ineniam  until  they  have  developed  further.   As  the;'  grow  up  they 
"branch  freely  and  "become  thicker  and  less  densely  protoplasmic. 
As  the  developing  ascogenous  hyphae  grow  up  and  "branch  among 
these  vegetative  hyphae  the  older  parts  of  the  vegetative  hy- 
phae cease  to  have  the  appearance  of  paraph^/ses,  while  the 
younger  parts  still  form  a  layer  ahead  of  the  ascogenous  hy- 
phae.  li^Tien  the  place  v/here  the  hymenium  is  to  "be  formed  is  fi- 
nally reached  the  layer  of  paraphyses  is  thus,  already,  com- 
pletely developed.   The  continued  upward  growth  and  "branching 
of  the  vegetative  and  ascogenous  hyx^hae  gives  the  hymenium 
a  much  greater  diameter  than  it  v/ould  have  had  if  it  iiad  "been 
formed  earlier.    Some  of  the  vegetative  hyphae  in  the  su"b-hy- 
menial  layer  give  off  "branches  which  form  large,  densely  stain- 
ing storage  cells.   These  in  turn  give  rise  to  more  paraphyses. 
In  a  fev,'  cases  nuclei  in  these  storage  cells  have  been  seen  to 
be  fusing,  and  since  in  some  cases  the  fusing  nuclei  are  excep- 
tionally large  it  may  be  that  nuclei  v/hich  have  been  formed  by 
fusion  may  themselves  fuse.   The  fusion  of  nuclei  in  the  stor- 
age cells  is  of  regular  occurrence  in  Leotia  (Brown,  '10),  but 
is  probably  exceptional  in  Lachnea  scutellata  as  most  of  the 
nuclei  in  the  storage  cells  of  this  species  are  small  and  of 
nearly  uniform  size. 

V-Qiile  the  storage  cells  are  being  formed  in  the  sub-hjTiien- 
ial  layer  tlie  ascogenous  hyphae  can  be  seen,  in  the  same  re- 
gion, as  rows  of  large  multinucleate  cells.   These  give  off 
smaller  multinucleate  branches  Vv'hich  extend  forward  into  the 
lower  tart  of  the  hymenium.    It  is  from  these  branches  that 


the  asci  are  to  "be  formed.   Tiie  tips  of  these  branches  frequent 
ly  contain  tv/c  nuclei  and  it  seems  probable  that  these  are  cut 
off  together^  in  a  single  cell^as  no  such  uninucleate  cells  have 
been  observed  in  the  liyiaenivm   or  sub-h^-nienial  layer,  although 
binucleate  cells  are  of  frequent  occurrence.   It  is,  of  course, 
still  possible  tliat  uninucleate  cells  niay  sometimes  be  cut  off 
and  that  these  may  have  been  overlooked , as  the  uninucleate  con- 
dition would  probably  last  only  a  short  time,  "^he   cutting  off 
of  t\<o  nuclei  in  the  tip  of  an  ascogenous  hypha  has  been  de- 
scribed by  McCubbin  ('lO)  in  He 1 vel la  e la s t i c a .   The  cutting 
off  of  tvvo  nuclei  or  a  single  one,  which  subsequently  divided, 
in  Lachnea  scutellata  would  probably  not  have  any  effect  on  the 
ftir-ther  development  since,  as  has  already  been  described,  the 
nuclei  undergo  division  in  the  a.scogenous  hyphae  so  that  the 
two  nuclei  v-hich  are  in  the  tip  of  a  hyplia  are  probably  closely 
i^elated.   There  appears,  moreover,  as  has  ^oeen   previously  point 
ed  out,  (Brown,  '10),  to  be  no  reason  for  thinking  that  the  re- 
lation of  fusing  nuclei  can  iiiake  any  difference  if  these  are 
all  in  the  same  plant  and  are  derived  from  a  single  nucleus 
with  the  haploid  number  of  c]rxromosomes . 

The  nuclei  in  those  cells  of  the  ascogenous  hyphae  which 
are  below  the  hymeniixDi  finally  degenerate.    In  doing  so  they 
often  swell  up  to  several  times  tiieir  original  size  after  v;hich 
the  nuclear  membrane  gradually  disappears.   This  process  is 
quite  similar  tc  that  described  bj'  Harper  ('00)  for  the  nuclei 
in  the  trichogyne  of  Pyroneioa   conf  luens .  Before  degenerating 
two  or  tlj?ee  of  the  nuclei  sometimes  fuse  together.   Sucli  fu- 
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sions  are  not  confined  to  the  nuclei  of  the  ascogenous  hyphae 
out  may  occur  in  other  degenerating  cells. 

The  binvcleate  cells  previously  described  as  being  formed 
from  the  ascogenous  hyphae  grow  up  in  the  hymenium  and  bend 
over  at  the  tip.   The  two  nuclei  pass  into  the  bent  portion  and 
divide  in  the  same  manner  that  has  been  described  for  the  nu- 
clei in  the  ascogonix^m  (plate  4,  fig.  1).  At   metaphase  there 
are  five  chromosomes  and  at  anaphase  five  pass  to  each  pole. 
Walls  come  in  between  the  daughter  nuclei  of  each  pair  thus 
forming  a  binucleate  penultimate  and  a  uninucleate  ultimate  and 
ant  penultimate  cell  (plate  4,  fig.  2).   This  is,  of  course,  a 
typical  hook.   The  tv.o  nuclei  in  the  jienultimate  cell  may  fuse 
to  form  the  nucleus  of  an  ascus ,  (plate  4,  fig.  4)  but  often 
they  divide  and  give  rise  to  the  nuclei  of  another  hook  (plate 
4,  fig.  8).   Tiie  ultimate  cell  usually  grows  down  and  fuses 
with  the  stalk  (plate  4,  fig.  3),  after  which  the  nucleus  from 
the  stalk  usually  migrates  into  the  ultimate  cell  (plate  4, 
fig.  5),  although  occasionally  the  nucleus  of  tiie  ultimate  cell 
may  pass  into  the  stalk.   After  the  nucleus  of  the  stalk  lias 
migrated  into  the  ultimate  cell  it  may  fuse  with  the  nucleus  of 
t}ie  ultimate  cell  to  form  the  primary  nucleus  of  an  ascus  (plate 
4,  fig.  6),  but  usually  the  tv/o  nuclei  divide,  and  the  ultimate 
cell  grows  out  to  form  another  hook  (plate  4,  figs.  7,  8). 
Sometimes  the  nucleus  formed  by  the  fusion  of  the  nucleus  of 
the  ultimate  and  ant  .enultimate  cell  does  not  develop  further. 
This  is  usually  associated  with  a  vacuolated  condition  of  the 
cytoplasm.  Figure  9,  plate  4,  shows  a  case  in  v/hich  the  penul- 
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timate  cell  has  developed  into  a  second  hook.   The  nuclei  of 
the  ultimate  and  antepenultimate  cells  have  fused  hut  the  fu- 
sion nucleus  has  not  developed  further.   The  penultimate  cell 
of  the  second  hook  has  given  rise  to  an  ascus  v/hile  the  nucleus 
of  the  ultimate  cell  has  migrated  into  the  a.ntepenul timate  and 
fused  with  its  nucleus. 

The  processes  described  above  hy  which  either  the  ultimate 
or  antipenultimate  cells  may  give  rise  to  a  hook  may  be  repeat- 
ed many  times  so  that  a  large  number  of  asci  may  finally  be 
formed  from  a  single  hypha.   Even  in  2/ou.ng  ascocarps  five  or 
six  hooks  may  frequently  be  seen  joined  together  in  various 
ways,  and  if  it  were  possible  to  follow  a  hypha  for  a  consider- 
able distance  the  above  nuiaber  v/ould,  of  course,  be  greatly  in- 
creased. 

The  significance  of  these  phenomena  has  been  discussed  in 
a  previous  paper  on  Leotia.  and  Geoglossvim,  in  which  genera  they 
also  occur. 

As  new  hooks  are  successively  developed  from  older  ones 
ones  that  part  of  the  ascogenous  hypha  which  connects  tlie  suc- 
cessive hooks  as  v/ell  as  the  older  parts  of  the  hyp]ria  become 
vacuol3,ted  to  such  an  extent  that  no  cytoplasm  can  be  seen  in 
them.   Despite  this  fact  new  hooks  and  asci  are  formed  quite 
rapidly.   It  seems  probable,  therefore,  as  Harper  ('00)  sug- 
gests, that  the  developing  asci  obtain  their  nutrient  material 
from  the  paraphyses,  vi-hich  are  in  coritact  with  them,  by  trans- 
fusion ttirough  the  v/alls. 

The  .liultiplication  of  the  number  of  hooks  graduallj'  raises 
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the  level  at  which  asci  are  formed.  At    the  same  time  the  level 
at  which  the  paraphyses  come  off  is  also  raised  by  the  forroa- 
tion  of  new  ones  from  the  basal  portion  of  older  ones  and  from 
storage  cells  v/hich  are  being  continually  formed  at  a  higher 
level.  As   grov/th  continues  and  the  hymenitun  rises  higher  and 
higher  the  sub-h^rTnenial  layer  is  increased  in  height  by  the  ad- 
dition of  the  older  parts  of  the  hymeniujn  which  are  gradually 
left  behind, 

V^Tiile  the  hymenii,im  is  thus  being  raised  it  also  increases 
in  diameter.  As   has  already  been  described  the  cells  between 
the  hymenium  and  cortex  continually  produce  new  cells  which 
give  rise  to  paraphyses  around  the  margin  of  the  hymenium.  At 
the  same  time  hooks  formed  from  the  ultima-te  or  penultima.te 
cells  of  older  ones  grow  in  among  the  paraphyses.   Owing  to  the 
processes  described  above  an  ascocarp  after  it  assumes  its  ma- 
ture form  may  increase  greatly  in  both  height  and  diameter, 

Wlien  the  tvyo  nuclei  which  fuse  to  form  the  primary  nucleus 
of  the  ascus  are  in  the  process  of  fusion  they  contain  compar- 
atively little  chromatin.   This  is  scattered  somewhat  irregu- 
larly on  lirin  fibres  but  shows  an  approach  to  the  spireme  con- 
dition.  The  fusion  nucleus  grows  rather  rapidly  and  as  this 
continues  the  chromatin  soon  comes  to  be  arranged  in  a  definite 
fine  spireme  (plate  5,  fig,  1),   Wlien  this  condition  has  been 
reached  the  spireme  does  not  usually  show  any  free  ends  and  it 
can  frequently  be  traced  as  a  continuous  thread  for  considera- 
ble distances.   It  is,  hovvever,  impossible  to  follow  it  through 
some  of  the  tangles.    Frequently  threads  were  seen  running  to 
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the  nuclear  meinbrane  or  nucleolus  after  v;hich.  it  was  not  possi- 
ble to  trace  them  fxirther.   This  suggests  that  the  spireme  is 
not  continuous  throughout  its  entire  length,  hut  this  conclu- 
sion must  be  considered  doubtful  as  it  is  difficult  to  follow 
a  spireme  along  the  nuclear  membrane,  which  is  usually  irregu- 
larly thickened  or  to  distinguish  it  from  the  nucleolxis  when  it 
is  in  contact  with  the  latter.  While  the  nucleus  is  still  far 
from  its  final  size  the  spireme  shows  the  approacii  of  synesesis 
by  beginning  to  collect  in  a  tangle  either  around  or  to  one 
side  of  the  nucleolus  (plate  5,  figs.  1,  2).   This  usually  con- 
tinues until  all  of  the  spireme  is  arranged  in  a  dense  tangle 
in  which  little  detail  can  be  seen.   No  evidence  of  a  fusion  of 
spiremes  during  this  stage  was  observed.  An   examination  of 
figures  1,  2,  plate  5,  v/ill  show  that  the  spireme  is  not  double 
as  it  goes  into  synesesis.   The  spireme  was  occasionally  seen 
contracted  into  a  mass  about  as  dense  as  the  nucleolus.   Tliis 
extreme  condition  roay  have  been  due  to  fixation  but  the  regular 
occurrence  of  synesesis  at  this  stage, and  in  materia,l  in  which 
t}-ie  fixation  seem  to  be  perfect,  certainly  seems  to  indicate 
that  synesesis , is , as  Mcttier  thinks, a  stage  in  normal  develop- 
ment and  not  an  arte  feet, due  to  fixation, as  is  claimed  by 
Schaffner,   This  view  is  supported  by  tlie  fact  that  the  spireme 
is  quite  different  in  appearance  before  and  after  synesesis. 
Synesesis  probably  lasts  for  a  considerable  time  as  the  nucleus 
and  ascus  grow  considerably  during  this  period. 

At  the  end  of  synesesis  the  spireme  which  is  now  much  thick 
er  than  before,  loosens  up  and  becomes  spread  through  tlie  nu- 
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cleus  (plate  5,  figs.  4,  5),   The  continuitj-  of  the  spireme 
throughout  its  length  at  this  stage  is  Just  as  before  synesesis  , 
doubtful.  After  the  spireme  has  become  spread  tlirough  the  nu- 
cleus it  splits  longitudinally  (plate  5,  fig.  6),    This  split- 
ting appears  to  extend  through  aliaost,  if  not  quite  the  entire 
length  of  the  spireme.   The  tv/o  ha.lves,  however,  soon  come  to- 
gether again  after  which  all  traces  of  the  split  are  usually 
lost  although  sometimes  evidences  of  it  may  be  apparent  even 
after  the  formation  of  the  chromosomes. 

After  the  two  halves  of  the  spireme  have  come  together  it 
begins  to  contract.   This  contraction  continues  until  the  spi- 
reme shortens  very  considerably  (plate  5,  fig.  7),   The  spireme 
at  this  stage  has  the  appearance  of  a  continuous  thread  the 
ends  of  which  are  probablj^  free.   The  spireme  finally  segments 
into  five  somev/hat  elongated  chromosomes  (plate  6,  fig.  8). 
Each  of  these  chromosomes  is  probably  bivalent,  since  the  nu- 
cleus received  five  chromosomes  from  each  of  the  two  nuclei 
which  b;-  fusing  gave  rise  to  it.   The  bivalent  condition  is, 
however,  not  indicated  by  the  form  of  the  chromosomes.   In  this 
they  are  probably/'  similcr  to  those  of  most  plants.   In  Peper- 
omia   (Brown,  '08),  however,  the  tv/o  halves  appear  during  the 
heterot^T'ic  prophase  as  separate  chromosomes  connected  by  lirin 
fibres;  while  in  Oenothera  (Gates,  '08  ),  the  diploid  number  of 
chromosomes  appears  at  the  same  stage  and  in  this  case  the 
chromosomes  of  some  of  the  pairs  rray  not  even  be  connected. 

As  the  spireme  contracts  lirin  fibres  appear  within  the 
nucleus  (plate  5,  fig.  7).  Along  those  fibres,  and  especially 
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in  the  earlj'  stages,  there  are  small  granules  wluch  have  the 
appearance  of  chromatin.   They  usually  stain  less  densely  than 
the  chromatin  of  the  spireme,  tut  frequentlj'  they  are  large  and 
numerous  enough  to  make  the  fibres  along  which  they  are  scatter- 
ed resemble  the  spireme.   It  was  not  possible  to  tell  whether 
the  substance  of  these  granules  passed  to  the  chromosomes  or 
took  part  in  the  formation  of  more  Ij nin  fibres,  but  since  as 
they  disappear  the  number  of  linen  fibres  increases  consider- 
ably it  seems  probable  that  part  of  the  granules  take  part  in 
the  formation  of  the  fibres,   ITo  evidence  of  the  formation  of 
these  fibres  from  the  linin  of  the  spireme  by  the  migration  of 
the  chromatin  has  been  observed^ but, since  the  continuity  of  the 
spireme  in  the  early  stages  is  doubtful,  and  these  fibres  may 
resemble  the  spireme  very  closelj^^  such  a  possibility,  while 
not  probable,  can  hardly  be  said  to  be  excluded.   It  is,  how- 
ever, certain  that  most  of  these  fibres  which  will  later  take 
part  in  the  formation  of  the  spindle,  are  formed  de  novo. 

As  the  spindle  fibres  increase  in  number  they  become  con- 
nected with  a  centrosome  which  makes  its  appearance  on  the  nu- 
clear membrane  and  some  of  them  connect  the  centrosome  with  the 
chromosomes  (plsite  6,  fig.  9).   No  signs  of  this  centrosome 
have  been  visible  up  to  this  time  and  as  there  is  nothing  to 
indicate  that  it  persists  through  the  resting  stages  it  is 
probable  that  it  is  formed  de  novo  at  each  division.   In  this 
respect  it  resembles  the  centrosome  like  bodies  in  Polys ipho- 
nia   violacea  (Yaii^anouchi  ,  »06),  the  centrosomes  in  Fucus 
(Yamanouchi    iQg,    and  the  kinoplasmic  caps  in  Griff ithsia 
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borne tiana  (Lewis,  '09)  .   Deejily  staining  granules  are  frequent- 
ly present  in  the  cytoplasm  of  Lachnea .   These  are  particularly 
abundant  around  the  nucleus  at  this  division.   The  nuclear  mem- 
brane does  not  have  ari  even  appearance,  but  is  irregularly 
thickened  and  often  the  granules  just  described  are  in  contact 
with  it.   Owing  to  these  facts  it  has  not  been  possible  to 
trace  the  origin  of  the  centrosome.   The  centrosome  here,  as  in 
the  divisions  previously  described,  is  not  a  round  body  but  a 
flattened  structure  composed  of  a  number  of  granules. 

When  the  five  chromosomes  have  become  connected  with  the 
centrosome   other  deeply  staining  bodies  are  frequently  present 
on  the  linin  fibres.    These  are  usually  small  and  are  prob- 
ably similar  to  the  granules  previously  described.  Sometimes, 
however,  they  are  as  large  or  larger  than  the  chromosomes  and 
may  bear  such  a  striking  likeness  to  them  that  there  may  appear 
to  be  as  many  as  six  or  seven  chromosomes.  When  the  spindle  is 
completely  formed  these  bodies  may  still  be  present  on  fibres 
connected  with  the  spindle  or  nucleolus.   Only  very  small  ones 
have,  however,  been  seen  on  the  spindle  so  that  when  the  spin- 
dle is  formed  these  bodies,  v/hich  usually  stain  lighter  than 
the  chromosomes  can  be  readily  distinguished  from  them. 

After  the  linin  fibres  have  become  connected  with  the  cen- 
trosomes  they  increase  in  number.   The  centrosome  then  divides 
and  the  two  daughter  centrosomes  take  positions  at  the  opposite 
ends  of  the  spindle  (plate  6,  figs.  10,  11).  When  the  spindle 
is  first  formed  it  may  be  at  any  angle  to  the  longitudinal  axis 
of  the  ascus,  but  as  division  proceeds  it  ta.]:es  a  position 
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vrfiich  is  approximately  parallel  to  the  longitudinal  axis  of  the 
axis.  Wliile  this  is  taking  place,  a  set  of  fibres  ;aakes  its 
appearance  outside  the  nucleus.   These  fibres  radiate  from  the 
centrosome  into  the  cytoplasm  for  a  considerable  distance. 

At  metaphase  five  cl'iromosomes  are  present  on  the  spindle 
(pic  oe  6,  fig.  11).   Usually  all  of  these  appear  to  be  somewhat 
elongated  and  have  their  longitudinal  axes  parallel  to  that  of 
the  spindle.  Each  of  the  five  cliromosomes  divides  transverse- 
ly, but  the  divisions  do  not  all  take  place  at  the  same  time^ 
so  that  as  division  proceeds  anywhere  from  six  to  ten  cliromo- 
sOiiies  may  be  counted  on  the  spindle.   Remembering  that  when  the 
spireme  segmented  it  gave  rise  to  five  elongated  chromosomes, 
which  were  probably  bivalent,  it  v/ould  seem  that  this  division, 
probably,  separates  chromosomes  which  v/ere  placed  end  to  end  on 
the  spireme  and  can  have  nothing  to  do  >vith  the  longitudinal 
split  seen  in  the  propimse.    There  appears  to  be  nothing  to 
indicate  that  the  cliromosomes  v.-hich  went  into  the  fusion  nu- 
cleus have  persisted  u.ncha.nged.  through  the  resting  nucleus  and 
the  prophases  of  this  division, and  are  the  same  as  the  cliromo- 
somes which  are  separated  at  metaphase.   On  the  contrary,  there 
would  seem  to  have  been  every  chance  for  an  exchange  of  material 
during  synesesis  if  not  during  the  resting  stage.   The  inde- 
pendence of  unit  characters  in  heredity  would  seem  to  favor  the 
view  that  there  may  be  an  exchange  of  material  between  chromo- 
somes for  if  unit  characters  v/ere  permanently  associated  with 
the  same  chromosomes  we  would  expect  to  find  different  charac- 
ters correllated  much  oftener  than  they  are. 
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This  view  is  also  supported  by  the  experiments  reported,  "by 
Davenport,  Castle  and  others  in  which  certain  unit  characters 
appear  to  have  been  permanently  changed  as  the  result  of  hy- 
bridization.  If,  however,  as  is  generally  assvuned,  the  cliro- 
mosomes  are  the  part  of  an  organism  which  is  responsible  for 
the  transmission  of  hereditp,ry  characters  and  if  different 
chromosomes  are  not  alike  but  responsible  for  different  charac- 
ters, it  would  be  impossible  for  a  promiscuous  exchange  of  ma- 
terial between  various  chromosomes  to  occur  without  i:iroducing 
chaos.   It  would  seem  more  likely  that  the  chromosomes  are  so 
constituted  that  only  certain  kinds  of  material  can  be  fitted 
into  them  so  that  while  chromosomes  derived  from  different  nu- 
clei may  exchange  material  which  is  responsible  for  similar 
sets  of  characters  they  cannot  exchange  inaterial  which  is  re- 
sponsible for  one  kind,  of  character  for  that  responsible  for  a 
diffe.ir'ent  kind. 

The  chromosomes  at  the  first  division  in  Lachnea  appear 
to  approach  the  poles  rather  slowly  as  anaphase  is  very  abund- 
anit  in  sections.   The  ten  cliromosomes ,  formed  b;^  the  division 
of  the  five  seen  at  metaphase,  are  at  first  grouped  at  the 
equator  of  the  spindle  and  give  this  stage  a  striking  resem- 
blance to  metaphase.   Finally,  however,  they  separate  into  two 
groups  of  five,  one  of  v/hich  goes  to  each  pole  (plate  6,  fig. 
12).   As  the  chromosomes  approach  the  poles  all  of  them  may 
again  divide  (plate  6,  fig.  13).   The  two  halves  of  a  chromo- 
some do  not  appear  to  be  connected  but  when  division  has  just 
taken  place  the  halves  appear  to  be  arranged  in  pairs  the  con- 
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stituents  of  wJiich  usually  lie  side  by  side  on  the  spindle.   It 
would  seem  from  this  that  this  division  is  due  to  a  longitudi- 
nal splitting  and  this  .-nay  be  connected  with  the  splitting  of 
the  spireme  seen  in  the  prophase. 

After  the  chromosomes  have  reached  the  poles  the  fibres 
which  connect  tlie  centrosomes  continue  to  elongate  until  they 
become  raarkedly  bent.   At  the  same  time  beaks  are  formed  on  the 
nucleus  at  each  pole.   Finally,  the  group  of  chromosomes  break 
through  the  nuclear  membrane  after  v/hich  the  fibres  which  con- 
nect the  Ciiromosomes  straighten  out  and  the  groups  of  chromo- 
somes are  carried  far  beyond  the  limits  of  the  nucleus.   The  nu- 
clear membrane  then  breaks  down.   The  nucleolus  is  left  in  the 
cytoplasm  and  finally  disappears.  Both  the  fibres  which  con- 
nect the  centrosoxaes  and  tliose  which  radiate  out  into  the  cyto- 
plasm persist  until  after  nuclear  membranes  have  been  formed 
around  the  daughter  nuclei. 

VvTien  the  two  groups  of  chromosomes  have  reached  the  place 
where  the  daughter  nuclei  are  to  be  reorganized  they   lie  at  the 
ends  of  the  fibres  v/hich  connect  the  centrosomes  and  just  below 
those  which  radiate  out  into  the  cytoplasm.  A  clear  area  then 
makes  its  appearance  on  the  side  of  the  chromosomes  which  is 
av/ay  from  the  radiating  fibres  and  a  .nembrane  is  formed  around 
this  clear  area.   The  centrosome  appears  to  be  on  trie  nuclear 
membrane  and  can  be  distinguished  until  the  nucleus  grows  con- 
siderably but  after  a  time  it  seems  to  disappear.  When  the  nu- 
cleus is  first  formed  the  cln^omosomes  are  still  arranged  in  a 
group  which  is  on  that  side  of  the  nucleus  which  is  near  the 
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radiating  fibres.   As  grovvtli  proceeds  tiiis  group  gradually 
grows  smaller  vvhile  xnasses  of  chromatin  make  their  appearance 
on  other  parts  of  the  nuclear  membrcne , 

The  next  division  is  homotypic,  and  shows  no  new  features. 
The  chromotin  "becomes  arranged  in  a  spireme  which  gives  rise 
to  five  chromosomes. 

These  clxromosomes  are  usually  rather  close  together  and 
frequently  they  "become  aggregated  in  a  rather  dense  mass.   This 
phenomenon  appears  to  be  similar  to  the  grouping  of  the  chro- 
mosomes in  the  prophases  of  the  divisions  in  the  ascogonixAm 
and  ascogenous  hyphae .   The  spindles  of  this  division  are  sim- 
ilar to  those  of  the  first  and  usually  lie  in  a  plane  which  is 
approximately  parallel  to  the  axis  of  the  ascus,  but,  as  Har- 
per, ('09)  has  shown,  they  may  vary  markedly  from  this  posi- 
tion.  At  raetaphase  the  five  chromosomes  divide  and  five  pass 
to  each  pole,   Telaphase  and  the  reorganization  of  the  daughter 
nuclei  appear  to  be  entirely  similar  to  the  same  processes  as 
described  at  the  end  of  the  first  division. 

The  tiiird  division  is  essentially  like  the  second  except 
that  the  spindles  are  usually  approximately  at  right  angles  to 
the  axis  of  the  ascus  although,  as  Harper  ('09)  has  shown,  one 
of  them  may  be  parallel  to  the  ascus  wall.   At  telophase  when 
the  masses  of  chromosomes  have  broken  trirough  the  nuclear  mem- 
brane some  of  tne  fibres  which  radiate  from  the  centrosome  out 
into  the  cytoplasm  appear  to  be  connected  to  the  plasma  mem- 
brane around  the  ascus  (plate  7,  fig.  1).  Vfliere  this  occurs 
the  plasma  membrane  is  pulled  in  towards  txie  groups  of  cliromo- 
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soraes  as  t±iough  the  fibres  which  connect  the  grouj^is  of  chromo- 
somes with  the  plasm  membrane  by  contracting  were  drawing  the 
membrane  and  group  of  chromosomes  together.   (plate  7,  fig.  1) 
As  the  groups  of  cliromosomes  approach  the  periphery  of  the  as- 
cus  the  radiating  fibres  come  to  be  bent  backward.   This  may  be 
diie  to  the  movement  of  the  centrosomes.   Tlie  nuclei  reorganize 
in  a  manner  siiailar  to  that  described  for  tlie  daughter  nuclei 
at  the  end  of  the  first  division,  except  tjiat  a  beak  is  formed 
on  the  nucleus  where  the  radiating  fibres  are  joined  to  the 
centrosomes  (plate  7,  fig.  2).   The  plasiaa  membrane  around  the 
ascus  has  which  v/as  pulled  in  where  the  radiating  fibres  were 
connected  v/itii  it  has  oy    this  time  very  nearly  resumed  its  nor- 
mal position  against  tlie  ascus  wall  (plate  7,  fig.  2).   Tlie  nu- 
cleus which  is  still  connected  oy   fibres  to  the  membrane  is  by 
this  means  drawn  tov^ards  the  periphery  and  this  ma;/  account  for 
the  beak  and  also  for  the  furtiier  bending  back  which  has  taken 
place  in  the  radiating  fibres  \vhich  were  not  connected  with  the 
membrane . 

Since  the  fibres  seem  to  exert  a  pull  on  both  the  plasma 
membrane  and  the  nucleus  and  to  be  bent  as  a  result  of  the 
movement  of  the  nucleus  it  would  seem  that  they  must  be  rel- 
atively solid  structures.   This  view  is  strengthened  by  their 
behavior  during  telaphase  in  all  three  divisions.   After  the 
chromosomes  have  reached  the  poles  the  fibres  connecting  the 
centrosomes  continue  to  grov/  and  become  bent  as  though  under 
tension.   At  the  same  time  beaks  are  formed  on  tiie  nuclei  at 
both  poles.   This  may  be  due  to  the  pressure  of  the  connecting 
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filjres  or  in  ptirt  at  least  to  a  r^H  exerted  hy   the  fibres  radi- 
ating into  the  cytoplasm  as  in  the  case  of  the  beaks  formed  on 
the  eight  nuclei.  Harper  ('95,  '99,  '00,  »05)  has  described 
the  cutting  out  of  the  spores  in  Erysipiie,  Lachnea  scutellata, 
Pyronema,  and  Phyllactinia.   According  to  him  the  fibres  radi- 
ating into  the  cytoplasm  fold  back  and  fuse  into  a  membrane 
which  grows  back  until  its  edges  meet  at  a  point  opposite  the 
centrosome .   Pall  ('05)  has  studied  spore  formation  in  a  number 
of  ascomj'cetes    and  concludes  that  the  spores  are  not  cut  out 
by  a  membrane  formed  of  fused  astral  rays.   According  to  him 
the  spores  are  delimited  by  a  limiting  layer  of  protoplasm.  On 
the  site  of  this  there  is  formed  a  plasma  membrane  about  the 
spore  and  another  opposed  to  it  lining  the  cavity  in  the  epi- 
plasm.   The  formation  of  these  is  probably  preceded  by  a  cleav- 
age of  the  limiting  layer.   The  exo spore  is  formed  between  the 
two  opposed  plasma  membranes.   Over  con  ('06)  in  The  c  o  the  us  pel - 
letieri  and  Eraser  ('08)  in  Huxoaria  rutilaris  describe  the  spores 
as  delimited  by  the  astral  rays.   In  Lachnea  the  first  sign  of 
the  cutting  out  of  the  spore  is  the  appear c^nce  of  a  delicate 
membrane  at  the  outer  limits  of  the  recurved  astral  rays.   This 
usually  appears  first  around  the  centrosome  (plate  7,  fig.  3) 
and  then  is  formed  progressively'  until  it  cuts  out  the  spore. 
This  membrane  is  not  formed  by  a  fusion  of  tiie  astral  rays  for 
it  appears  outside  the  rays  and  after  it  is  completely  formed 
they  are  still  present  within  the  spore  and  are  apparently  as 
nwnerous  as  ever.   Moreover,  in  shrunken  material  both  the  cen- 
trosome and  astral  rays  may  be  drav/n  completely  away  from  the 
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spore  membrane.   What  pa.rt ,  if  any,  the  centrosome  and  fibres 
take  in  the  formation  of  the  membrane  is  doubtful.   The  appear- 
ance of  the  membrane  just  outside  of  them  siJggests  that  they 
may  have  something  to  do  vatii  its  position.   On  the  other  hand, 
sometimes  even  before  the  memorane  is  completelj'^  formed  the  cen- 
trosome may  be  within  it  and  not  in  contact  with  it,  v/hile  in 
other  cases  a  membrane  may  be  seen  around  the  region  opposite 
the  centrosome  but  not  around  the  fibres.   This  sugr;ests  that  - 
the  membrane  is  not  necessarily  formed  first  around  the  centro- 
some and  that  it  then  grov/s  backward,  but  that  the  tendency  is 
for  it  to  be  formed  all  around  the  spore-  and  that  one  part 
simply  gets  ahead  of  the  others.   Stages  showing  a  spore  partly 
cut  out  are  relatively  rare  which  indicates  that  when  the  pro- 
cess is  once  begun  it  takes  place  rapidly-'.  Miss  Eraser  ('08) 
says  that  Faull's  account  of  the  cutting  out  of  the  spores 
"Does  not  seem  to  satisfactorilj'-  explain  either  the  persist- 
ence of  the  astral  rays  or  the  formation  of  the  nuclear  beak." 
In  this  connection  it  may  be  noted  that  is  Lachnea  the  astral 
rays  usually  persist  after  both  the  first  and  second  division 
t-ntil  t}ie  daugliter  nuclei  are  completely  reorganized  and  that 
beaks  are  frequently  formed  on  the  nuclei,  although  these  are 
not  as  prominent  as  those  on  the  nuclei  of  the  spores. 

During  the  early  stages  of  the  formation  of  the  membrane 
it  appears  to  be  simply  a  differentiated  part  of  the  cytoplasm 
and  it  is  difficult  to  determine  exactly  v/hen  it  becomes  a  dis- 
tinct wall,  After  it  has  been  formed  around  tlie  spore  it  be- 
gins to  thicken  (plate  7,  fig.  4).   This  process  frequently 
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commences  in  the  region  around  the  centrosorne,  but  it  iaay  "begin 
at  any  point.   After  all  of  the  membrane  has  become  thickened 
it  is  easy  to  determine  that  it  is  a  distinct  wall  with  plasma 
membranes  on  both  sides  of  it.   This  is  shown  especially  clear- 
ly in  material  which  has  been  shrimken  when  it  is  possible  to 
find  side  by  side  cases  in  v/hich  all  of  the  contents  have  a  nor- 
mal position  and  others  in  v/hich  either  the  plasma  xriemurane 
arcund  the  spore  or  the  one  lining  the  epiplasm  is  drawn  away 
from  the  vi/all.  At  this  stage  the  astral  are  still  plainlj'-  vis- 
ible , 

The  stage  at  v.hich  the  nucleus  retracts  its  beak  and 
rounds  up  is  somewhat  varia,ble  but  it  usually  does  not  take 
place  until  after  the  formation  of  the  wall.  When  the  beak  is 
withdrawn  the  centrosome  may  be  left  in  the  cytoplasm  but  more 
frequently  it  remains  in  contact  with  the  nuclear  membrane.  In 
either  case  it  finally  disappears. 

As  the  spore  reaches  its  mature  size  the  wall  around  it 
thickens  and  becomes  the  exospore. 


DISCUSSIOl^. 
Sexuality. 

It  is  unnecessary  to  review  here,  the  history  of  our  knowl- 
edge of  the  sexuality  of  the  ascomj'cetes  as  this  has  been  tho- 
roughly done  by  Harper  ('00,  '05),  Overton  ('06)  and  Lotsy 
(•07),  \,hile  the  recent  literature  l^as  been  discussed  by  Preiser 
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{*09),   The  passage  of  the  nuclei  from  the  antheridium  into  the 
ascogonium  of  Pyronenia  confluens  as  reported  ty  Harper  ('Oo 
and  confirmed  hy  Clausen  ('07)  would  seern  to  have  established 
the  view  that  the  antheridium  and  ascogonium  are  to  he  regarded 
as  sexual  organs,  even  though  the  antheridium  may  "be  function- 
less  or  lacking  in  other  cases,  Dangeard's  ('05)  failure  to 
find  a  passage  of  nuclei  from  the  a.ntheridium  into  the  ascogoni* 
um  of  Pyronema  confluens  may  be  due ,  as  Blackman  and  Eraser 
(*06)  suggest,  to  his  having  worked  on  a  different  form  from 
that  observed  by  Harper  and  Claussen ,   The  writer  has  found 
that  tliC  anther idia  may  behave  differently  in  different  strains 
of  Pyronema  c onf luens .    In  one  (Brown,  '08),  the  anther idia 
never  fused  with  the  trichogyne  while  in  a  strain  of  Pyronema 
(confluens)  omphalodes  obts-ined  through  the  kindness  of  Dr. 
P.  J.  Seaver  the  antheridium  at  the  proper  stage  as  has  been 
figured  by  him  (Seaver,  *09)  can  be  readily  seen  fused  to  the 
trichogyne.   The  tviro  strains  show  moreover  differences  in  the 
conditions  under  which  they  can  be  grown.   It  is  interesting  in 
this  connection  that  Van  Tieghem  ('84)  has  shov/n  that  under 
cultural  conditions  the  a.ntheridium  of  Pyronema  confluens  maj'- 
be  normal,  rudimentary  or  absent  while  the  ascogoniimi  develops 
normally. 

Since  recent  work  has  shown  that  the  fusion  of  nuclei  is 
the  essential  part  of  fertilization  the  discussion  of  the  sexu- 
ality of  the  ascomycetes  has  naturally  centered  around  the  nu- 
clear fusions.   In  the  simple  forms  Eremascus  fertilis,  Edoray- 
ces  magnusii        (Guilliermond,  '09)  and  Pipodascus  albidus 
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(Juel,  '02)  the  antheridium  and  ascogonium  fuse  and  give  rise 
at  once  to  a  single  ascus.   In  Ereiaa.scus  fertilis  the  antherid- 
ium  and  oogonivm  are  uninucleate  and  in  all  three  cases  the 
primary  nucleus  of  the  ascus  is  formed  by  the  fusion  of  a  nu- 
cleus from  the  oogonivun  and  one  from  the  antheridium. 

Among  the  Erysibaceae ,  Harper  {'95,  '96,  *05)  has  describ- 
ed the  fusion  of  a  uninucleate  antheridium  and  oogoniujn  in 
Sphaerotheca  hxmiuli,  Erysiphe  communis  and  Phyllactinia  corylea. 
According  to  Harper  the  male  and  female  nuclei  fuse  in  the 
oogoniijim  and  this  is  followed  la,ter  by  a  second  nuclear  fusion 
in  the  ascus.   Dangeard  ('97,  'Ci)   has  studied  the  development 
of  Sphaerotheca  humuli  and  Erysiphe  and  denies  the  presence  of 
a  fusion  in  the  oogonium. 

Barker  ('03)  has  described  the  fusion  of  an  antheridium 
and  oogoniujn  in  Monascus.  He  did  not  find  a  fusion  of  nuclei 
in  the  oogoniujn,  but  attributed  this  to  his  failure  to  get  the 
proper  stages.   Schikorra  ('09)  has  also  described  the  fusion 
of  an  antheridium  and  oogoniina  in  Monascus  but  does  not  find 
any  fusion  of  nuclei  except  the  one  in  the  ascus. 

Among  the  PezizineaB  the  fusion  of  nuclei  in  pairs,  in  the 
ascogoniiua,  has  been  described  in  Pyronema  confluens  (Harper, 
•00),  Humaria  granulata  (Blackman  and  Eraser,  '06),  Lachnea 
stercoria   (Eraser,  '07),  Ascobolu_s  furfuraceus  (Wellsford, 
'07),  Ascophanus  carneus  (Cutting,  '09),  and  in  the  vegetative 
hyphae  in  Humaria  rutilans  (Eraser,  '08),    In  all  of  the  a.bove 
cases  a  second  fusion  is  described  in  the  ascus.    Claussen, 
(•07)  hov/ever  denies  the  presence  of  a  nuclear  fusion  in  the 
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ascogonixim  of  Pyroneina  confluens.  la  Lachnea  scutellata,  as 
has  already  been  described,  has  probably  no  fusion  of  nuclei, 
e:-.cept  the  one  in  the  ascus.   But  as  has  already  been  pointed 
out  the  Chromosomes  just  before  division  may  be  aggregated 
in  a  mass  resembling  a  second  nucleolus.   The  nuclei  at  this 
stage  are  of  course  large  and  bear  a  rather  striking  resemb- 
lance to  fusion  nuclei.   Just  after  division  the  nuclei  may 
reorganize  so  close  together  that  they  resemble  fusing  nuclei 
This  same  appearance  has  been  described  b;''  the  v/r iter  (Brown, 
•08)  in  a  form  of  Pyronema  confluens ,  in  which  the  antheridium 
and  trichogyne  do  not  fuse,  and  in  which  there  is  no  fusion  of 
nuclei  in  the  ascogonium.   Considering  the  above  facts  and  the 
increasing  amount  of  negative  evidence,  it  would  seem  necessary 
to  study  the  nuclei  in  all  stages,  including  division,  and  to 
distinguish  between  true  and  apparent  fusions  before  the  fusion 
of  nuclei  in  the  ascogonium  can  be  regarded  as  proved  or  even 
probable.   This  is  particularly  true  of  such  an  aberrent  case, 
as  the  presence  of  a  second  nuclear  fusion  following  the  sexual 
fusion  in  the  life-history  of  the  same  plant,  and  it  is  to  be 
noted  that  divisions  in  the  ascogonium  have  not  been  reported 
in  any  of  the  forms,  inentioned  above,  in  which  a  fusion  of  nu- 
clei has  been  described  in  the  ascogonium  followed  by  another 
in  the  ascus. 
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ALTERNATION  OF  GEllERATIONS  . 

When  Hofmeister  used  the  term  alternation  of  generations 
he  of  course  did  not  know  of  the  alternation  of  the  haploid  and 
diploid  nurnher  of  chromosomes,  "but  meant  the  alternation  of  two 
kinds  of  plants,  one  of  which  bore  sexual  and  the  other  asexual 
reproductive  "bodies.   Since  the  significance  of  nuclear  phenom- 
ena has  come  to  "be  better  understood  many  vrritera  have,  hov/- 
ever,  been  inclined  to  use  the  term  alternation  of  generations 
as  synonomous  vvith  the  alternation  of  the  haploid  and  diploid 
number  of  chromosomes,  but  the  question  may  be  asked  as  to 
whether  the  two  things  alv/ays  necessarily  coincide.   If  v;e  take 
the  cases  of  Achemella  (Murbeck,  »01)  which  has  an  embryo-sac 
v/ith  the  diploid  niunber  of  chromosomes  and  Neplirodium  (Yaxra-  ■ 
nouchi  » 08)  v/hich  produces  sporophytes  with  the  haploid  nujuoer 
there  is,  of  course,  no  alternation  of  the  haploid  and  diploid 
number  of  chromosomes,  but  from  the  standpoint  of  phylogeny 
there  is  an  alternation  of  tv/o  kinds  of  pla-nts .   In  Coleochaete 
v/here  the  zygospore  divides  to  form  a  nujnber  of  cells  which 
produce  zoospores  the  cells  formed  from  the  zygospore  may  be 
regarded  as  an  intercalated  asexual  phase,  but  reduction  takes 
place  at  the  first  division  of  the  zygospore  (Allen,  '05).  Here 
there  would  seem  to  be,  as  Farmer  has  suggested,  a  sporophyte 
which  normallj'  has  the  same  number  of  chromosomes  as  the  gameto 
phyte ,    In  the  red  alga  Griff ithsia  borne tiana,  Lewis  ('09) 
thinks  that  the  sexual  plants  and  the  mass  ^carpospores  consti- 
tute an  antithetic  alternation  of  generations,  while  the  sexual 
and  tetrasporic  plants  represent  the  alternation  of  an  homolo- 


29 


gous  phase.  According  to  this  interpretation  the  diploid  nvm- 
"ber  of  cliromosomes  would  extend  through  two  distinct  phases. 

It  seems  proha'Dle  that  the  ascogonium  in  soiae  of  the  ances- 
tors of  Lachnea  scutellata,  was  fertilized  and  that  this  ended 
the  gametephytic  phase  and  initiated  the  sporophytic^v/hich  end- 
ed in  the  production  of  spores.   According  to  the  interpreta- 
tion usually  applied  to  the  delayed  nuclear  fusion  in  the  rusts 
the  above  interpretation  would  hold  even  if  nuclear  fusion  was 
delayed,  as  Claussen,  ('O?)  claims  to  he  the  case  in  Pyronem 
conf luens,  until  the  formation  of  the  ascus.   From  a  phylo- 
genetic  standpoint  it  v.ould  seem  reasonable  therefore  in  the 
case  of  Lachnea  scutellata  to  regard  the  stages  from  the  spore 
to  the  ascogonium  as  gametophytic  and  those  from  the  formation 
of  the  ascogenous  hyphae  to  the  production  of  spores  as  sporo- 
phytic.   The  diploid  nuraber  of  cliromosomes  exists,  hov/ever, 
only  in  primary  nucleus  of  the  ascus.  Even  if  we  should  adopt 
Dangeard's  ('05)  interpretation  and  regard  the  ascus  as  an  oogo 
nium  the  third  division  in  the  ascus,  which  shoves  the  haploid 
number  of  chromosomes  would  still  appear  to  belong  to  the 
sporophyte .   It  would  seem  advisable,  therefore,  in  the  case  of 
Lachnea  scutellata  as  in  those  previously  mentioned  to  distin- 
guish between  the  alternation  of  generations  and  the  alterna- 
tion of  the  haploid  and  diploid  number  of  chromosomes.   The 
garaetophyte  is  usually  regarded  as  beginning  with  the  spore 
mother  cell,  but  if  the  ideas  brought  forward  here  are  correct 
this  can  hardly  be  the  case  in  Coleochaete  or  Laclinea  scutella- 
ta  and  it  v/ould  seem  better  to  think  of  it  as  beginning  with 
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